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The development of trichomes and root hairs in Arabidopsis provide useful models for the study of cell fate determination in plants. A
common network of putative transcriptional regulators, including the small MYB proteins TRIPTYCHON (TRY) and CAPRICE (CPC), is
known to influence the patterning of both cell types. Here, we used an activation tagging strategy to identify a new regulator, ENHANCER OF
TRYAND CPC 1 (ETC1). The ETC1 sequence is similar to TRY and CPC, and ETC1 overexpression causes a reduction in trichome formation
and excessive root hair production. The etc1 single mutant has no significant phenotype, but it enhances the effect of cpc and try on trichome
and root hair development, which shows that ETC1 function is partially redundant with TRYand CPC. In addition, the etc1 try cpc triple mutant
has novel phenotypes, revealing previously unrecognized roles for these regulators in epidermis development. An ETC1 promoter–reporter
gene fusion is expressed in the developing trichome and non-hair cells, similar to the expression of TRY and CPC. These results suggest that
ETC1, TRY, and CPC act in concert to repress the trichome cell fate in the shoot epidermis and the non-hair cell fate in the root epidermis.
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The specification and patterning of distinct cell types is a
critical feature of development in multicellular organisms. In
plants, the formation of single-celled epidermal hairs in the
shoot (trichomes) and the root (root hairs) has been used
extensively as simple and experimentally tractable models
for studying cell fate specification (Dolan and Costa, 2001;
Larkin et al., 2003; Szymanski et al., 2000). Both trichomes
and root hairs are nonessential under laboratory conditions,
they are easy to examine, and they arise continuously during
development.
In Arabidopsis, the spacing pattern of trichomes and root
hairs differs. Trichome cells arise at a minimum distance from
other trichomes and rarely form adjacent to one another,
which implies that a density-dependent mechanism is respon-0012-1606/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
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contrast, root hair cells are specified in a position-dependent
manner such that all cells in a cleft between two underlying
cortical cells develop as hair cells (Dolan et al., 1994; Galway
et al., 1994).
Despite the differences in trichome and root hair distribu-
tion, molecular genetic studies have shown that a common
suite of putative transcription factors regulate the pattern of
trichomes and root hair cells in Arabidopsis. These factors
include a homeodomain protein, GLABRA2 (GL2) (Masucci
et al., 1996; Rerie et al., 1994), a WD-repeat protein, TRAN-
SPARENT TESTA GLABRA (TTG) (Galway et al., 1994;
Walker et al., 1999), an R2R3MYB-type transcription factor,
GLABRA1 (GL1)(Oppenheimer et al., 1991) or WERE-
WOLF (WER) (Lee and Schiefelbein, 1999), and two small
MYB proteins, CAPRICE (CPC) and TRYPTICHON (TRY)
(Schellmann et al., 2002; Wada et al., 1997, 2002). Interest-
ingly, these transcription factors have opposite roles in the
specification of trichomes and root hair cells. TTG, GL1, and
GL2 promote trichome specification in the shoot, whereas
TTG, WER, and GL2 promote non-hair cell specification in
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trichomes in the shoot and non-hair cells in the root.
In both the shoot and root, the final epidermal cell pattern
appears to result from a lateral inhibition mechanism that is
mediated by CPC and TRY (Larkin et al., 2003; Schiefel-
bein, 2003). The transcription of CPC, and perhaps TRY, is
promoted by TTG and GL1 in the developing trichomes and
by TTG and WER in the developing non-hair cells (Lee and
Schiefelbein, 2002; Schellmann et al., 2002; Schiefelbein,
2003; Wada et al., 2002). The CPC and TRYproducts act in a
partially redundant manner to inhibit the neighboring cells
from adopting the trichome or non-root-hair fate, possibly by
directly moving from cell-to-cell and interfering with the
GL1 or WER function (Schellmann et al., 2002; Schiefel-
bein, 2003; Wada et al., 1997, 2002).
In this study, we used the activation tagging method to
identify a new regulator of the trichome and root hair
patterning systems. This gene, ENHANCER OF TRY AND
CPC1 (ETC1), causes a reduction in trichome formation and
an increase in root hair production when overexpressed.
Although etc1 mutations have no detectable effect in a
wild-type background, they enhance the try and cpc mutant
phenotypes. These results suggest that ETC1 acts in concert
with TRY and CPC to mediate lateral inhibition during
trichome and root hair development.Materials and methods
Plant materials and growth conditions
The isolation of the cpc and try mutant alleles used in this
study has been described: cpc-1, in the WS genetic back-
ground (Wada et al., 1997), try-82, in the Ler genetic
background (Hulskamp et al., 1994), and try-JC, in the
Columbia background (Larkin et al., 1999; Schellmann et
al., 2002). These are likely to represent loss-of-function
alleles. Lines homozygous for multiple mutations and/or
transgenes were constructed by crossing single mutant or
transgenic plants, examining the F2 progeny for putative
mutant phenotypes and confirming the desired genotype in
subsequent generations by backcrossing to single mutants
and/or PCR-based tests.
For seedling analysis, Arabidopsis seeds were surface
sterilized and grown on agarose-solidified nutrient medium
in vertically oriented petri plates as previously described
(Schiefelbein and Somerville, 1990).
The activation tagging screen was carried out by exam-
ining 8000 activation tagging T-DNA lines obtained from the
Arabidopsis Stock Center generated in the Columbia genetic
background (Weigel et al., 2000).
Microscopy
Trichomes were analyzed from the first two leaves
of soil-grown plants of the same age for all samples.For the triple mutant, the high density of trichomes
made it impossible to directly count trichome number.
Therefore, trichomes were counted in the small nests
that occasionally formed (containing 5–15 trichomes),
the area of these nests was determined, and the tri-
chome number in larger nests were estimated from these
data.
Root hair cell production and cell type pattern analysis
were determined from at least 20 five-day-old seedling
roots for each strain, as previously described (Lee and
Schiefelbein, 2002). An epidermal cell was scored as a
root-hair cell if any protrusion was visible, regardless of
its length. Root epidermal cells were deemed to be in the
N position if they were located outside a periclinal
cortical cell wall, whereas cells in the H position were
located outside an anticlinal wall between adjacent corti-
cal cells.
The histochemical analysis of plants containing the GUS
reporter constructs was performed essentially as described
(Masucci et al., 1996).
Molecular biology methods
RNA was isolated from rosettes of the 2-week-old plant
from the indicated genotypes and subjected to RT-PCR,
which was essentially performed as described previously
(Kirik et al., 2002). The ETC1 gene-specific primers used
for RT-PCR and cloning (345-s1 and 345-as1) have the
sequence: 345-s1 (XhoI site is added), 5V-tctcgag-
GTGTCTTTTGAGATGAATACGCA; and 345-as1 (XbaI
site is added), 5V-ttctagaTCAACGTAATTGAGATCTTC-
GATG. Amplifications of the ubiquitin cDNA (primers
UBQ4-FOR: 5V-GGCAAAGATCCAGGACAAGG and
UBQ4-BACK: 5V-AAATAAGTCTTTGCTGGTCCGG)
and the translation elongation factor EF1aA4 cDNA (pri-
mers EF1a-UP: 5V-ATGCCCCAGGACATCGTGATTTCAT
and EF1a-RP: 5V-TTGGCGGCACCCTTAGCTGGATCA)
were used as a control.
DNA sequence adjacent to the T-DNA in the 345-Act line
was obtained using TAIL-PCR method (Liu et al., 1995).
The 35SDETC1 was constructed by cloning the ETC1
cDNA (amplified with 345-s1 and 345-as1 primers) into the
pRT103 vector. The 35SDETC1 HindIII fragment was
introduced into the pBARB binary vector.
For the ETC1 promoter–GUS reporter fusion construct,
a 1924 to 22 fragment 5V to the start codon was
amplified using primers 345-Ps1 (introducing HindIII
site): aagcttGAGAAAAGACTTTGAACTTGCAC and
345-Pas1 (introducing SalI site): gtcgacAAAGATTTAC-
GATCGCACCGT and introduced as a HindIII/SalI frag-
ment into the pGUS1 vector. The ETC1DGUS expression
cassette was cloned as a HindIII/XmaI fragment into the
pBARB.
Plant transformations were performed by floral dip meth-
od (Clough and Bent, 1998). The Columbia ecotype was
used in all transformations.
Table 1
Effect of ETC1 overexpression or etc1 mutations on leaf trichome
productiona
Genotype Number of
trichomes
per leaf
Trichome
sites per leaf b
Frequency
of trichome
clusters (%)
Mean
cluster
size
WT (Col) 27.3 F 3.2 27.3 F 3.2 0.06 2.0
WT (WS) 35.1 F 4.4 35.1 F 4.4 0.0 
345-Act 1.2 F 0.8 1.2 F 0.8 n.d. n.d.
35SDETC1-1 0 F 0 0 F 0  
35SDETC1-2 0 F 0 0 F 0  
35SDETC1-3 3.7 F 1.6 3.7 F 1.6 n.d. n.d.
etc1-1 30.5 F 3.2 30.5 F 3.2 0.07 2.0
try-JC 21.7 F 2.6 19.9 F 2.3 7.8 2.1
cpc-1 65.3 F 7.4 65.3 F 7.4 0.06 2.0
etc1-1 try-JC 26.9 F 2.5 23.9 F 1.8 8.3 2.1
etc1-1 cpc-1 74.8 F 8.5 74.4 F 8.3 0.70 2.0
try-82 cpc-1 174 F 16.3 13.1 F 2.3 95.7 13.3
etc1-1 try-82
cpc-1
408 F 60 1.8 F 0.8 97.3 226
a At least 10 leaves were examined for each line, except that four leaves
were analyzed for the try cpc double mutant. nd = not determined;  = not
able to be calculated.
b A trichome site represents a single trichome or a trichome cluster.
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Identification of the ETC1 gene
To uncover new mutants affecting epidermal patterning,
we screened an Arabidopsis activation tagging T-DNA
population (Weigel et al., 2000) for mutants with altered
trichome density. We identified a line (designated 345-Act)
with a dramatically reduced number of trichomes on the leaf
surface (Fig. 1A and Table 1). Segregation analysis sug-
gested that this phenotype was caused by a dominant
mutation linked to the T-DNA. This line also produces an
increased density of root hairs along the root due to the
misspecification of cells from the non-hair to the hair cell
fate (Fig. 1B and Table 2). Following isolation of the T-DNA
flanking sequences of the 345-Act line, we found that the T-
DNA is inserted 1568 bp upstream of the putative ATG start
codon of the At1g01380 gene. This gene is predicted to
encode an 84-amino-acid protein with a single MYB domain
that is similar to the TRY and CPC proteins (Fig. 2).
Specifically, the predicted protein exhibits 61% identity to
TRY (Schellmann et al., 2002) and 60% identity to CPC
(Wada et al., 1997) (Fig. 2). Due to its sequence similarity
and functional relatedness to TRY and CPC (see results
below), we have designated this gene ETC1 (ENHANCER
OF TRY AND CPC1).
To determine whether the phenotype of the activation
tagging line is caused by overexpression of the ETC1 gene,
we employed reverse transcriptase (RT)-PCR and detected
an increased level of ETC1 mRNA in the 345-Act line (Fig.
1C). Furthermore, we fused the ETC1 cDNA sequence to the
strong 35S promoter from cauliflower mosaic virus andFig. 1. Overexpression of the ETC1 gene alters trichome and root hair specificat
reduced as compared to wild-type (Columbia) plantlets. (B) Root hair formation on
(Columbia) seedlings. (C) RT-PCR using ETC1 gene-specific primers (345-s1 and
25 cycles as a control (bottom row). Wild type (Columbia), left; 345-Act, right.generated transgenic plants bearing this 35SDETC1 con-
struct. These plants essentially lack trichomes on their leaves
(Fig. 1A and Table 1), and they produce excessive root hairs
on their roots due to conversion of cells from the non-hair to
the hair cell type (Fig. 1B and Table 2). Together, these
results show that overexpression of the ETC1 gene is
sufficient to alter the patterning of shoot and root epidermal
cells and suggest that the ETC1 protein may be involved in
specifying the non-trichome and the root hair fate. Further,
the general effect of the 35SDETC1 is the same as theion. (A) Trichome formation on the leaves of 345-Act, and 35SDETC1 is
the roots of 345-Act, and 35SDETC1 is increased as compared to wild-type
345-as1) for 35 cycles (top row) or using ubiquitin gene-specific primers for
Table 2
Effect of ETC1 overexpression or etc1 mutations on cell type pattern in the root epidermisa
Genotype Hair cells in H cell position N cell position
epidermis (%)
Hair cells (%) Non-hair
cells (%)
Hair cells (%) Non-hair
cells (%)
WT (Col) 42.6 F 4.6 98.3 F 1.9 1.7 F 1.9 2.9 F 4.2 97.1 F 4.2
WT (Ler) 40.0 F 1.4 97.6 F 2.5 2.4 F 2.5 2.5 F 1.7 97.5 F 1.7
WT (WS) 42.1 F 6.0 98.8 F 2.2 1.2 F 2.2 3.3 F 3.9 96.7 F 3.9
345-Act 62.2 F 6.4 99.2 F 1.7 0.8 F 1.7 23.3 F 11.2 76.7 F 11.2
35SDETC1-1 96.6 F 4.9 100 F 0 0 F 0 94.2 F 5.0 5.8 F 5.0
35SDETC1-2 96.2 F 6.3 100 F 0 0 F 0 88.3 F 5.8 11.7 F 5.8
etc1-1 38.2 F 6.7 95.0 F 1.9 5.0 F 1.9 0 F 0 100 F 0
try-82 41.0 F 2.2 97.5 F 3.2 2.5 F 3.2 1.7 F 1.9 98.3 F 1.9
cpc-1 14.8 F 3.9 29.2 F 7.9 70.8 F 7.9 0 F 0 100 F 0
etc1-1 try-82 39.2 F 5.3 95.9 F 3.2 4.1 F 3.2 0.8 F 1.7 99.2 F 1.7
etc1-1 cpc-1 3.4 F 2.3 8.3 F 5.8 91.7 F 5.8 0 F 0 100 F 0
try-82 cpc-1 0 F 0 0 F 0 0 F 0 0 F 0 0 F 0
etc1-1 try-82 cpc-1 0 F 0 0 F 0 0 F 0 0 F 0 0 F 0
a Data, including standard deviation, were obtained from at least 20 four-day-old seedlings from each strain. In all strains, approximately 40% of epidermal
cells are in the H position.
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(Wada et al., 1997), which suggests that the ETC1 protein
may act in a similar manner as the related TRY and CPC
proteins.
Isolation and analysis of etc1 mutants
To directly assess the involvement of the ETC1 gene in
epidermal patterning, we analyzed plants bearing homozy-
gous etc1 mutations from available T-DNA insertion pop-
ulations. We focused our attention on a line from the SALK
T-DNA collection (SALK 071734), which has a T-DNA
inserted within the first intron and therefore likely represents
a loss-of-function allele (designated etc1-1). To test this, we
performed RT-PCR experiments and found that ETC1 RNA
is much more readily detected from wild-type plants than
from homozygous etc1-1 mutant plants (Fig. 3).
The homozygous etc1-1 mutant was analyzed for tri-
chome and root hair production. It has approximately normal
trichome number and distribution (Fig. 4 and Table 1). Also,
there is no detectable effect of etc1-1 on trichome branching
(data not shown). In the root epidermis, etc1-1 has a slightly
reduced frequency of root hairs, but this is not statistically
significant (Fig. 5A and Table 2). Furthermore, no other
developmental abnormalities were observed in the etc1-1
mutant (data not shown). These data suggest that ETC1 is not
essential for epidermal patterning.Fig. 2. The ETC1 protein is similar to the TRY and CPC proteins. Identical aAnalysis of double and triple mutants with try and cpc
reveals redundancy in gene function
To test the possibility of functional redundancy between
ETC1 and TRY and/or CPC, we generated and examined
each of the double and triple mutant combinations of these
genes. Homozygous try mutants are known to produce
trichomes adjacent to one another (trichome clusters) and
to increase trichome branching, but they have no detectable
alteration in root hair patterning or morphology (Hulskamp
et al., 1994; Schellmann et al., 2002; Schnittger et al., 1999)
(Tables 1 and 2). The trichome branching phenotype is not
fully penetrant and relies on putative modifiers in the
Columbia and Landsberg erecta ecotypes (unpublished
observations). In contrast to the try mutants, homozygous
cpc mutants have reduced root hair formation and a modest
increase in trichome density but no effect on trichome
clusters or morphology (Schellmann et al., 2002; Wada et
al., 1997, 2002) (Tables 1 and 2).
The etc1-1 try-JC double mutant (in the Columbia
background) displays no defects in trichome production,
branching, and pattern, as compared with the try-JC single
mutant (Fig. 4 and Table 1). Root epidermal patterning,
which is not dependent upon ecotype, was assessed in the
etc1-1 try-82 double mutant, and it displayed a normal
number and distribution of root hair and non-hair cells
(Fig. 5A and Table 2).mino acids are shaded in black; similar amino acids are shaded in grey.
Fig. 3. ETC1 RNA is reduced in the etc1-1 mutant. RT-PCR was conducted
using ETC1 gene-specific primers (345-s1 and 345-as1) for 35 and 40
cycles. Note that after 40 cycles a weak band is visible in the mutant. As a
cDNA control, RT-PCR was done with primers specific for the translation
elongation factor EF1 for 20 and 25 cycles.
Fig. 5. The etc1-1 mutation alters root hair formation. (A) Root hair
formation is shown on roots of the wild type (Columbia), etc1-1, try-82, cpc-
1, etc1-1 try-82 double mutant, etc1-1 cpc-1 double mutant, try-82 cpc-1
double mutant, and etc1-1 try-82 cpc-1 triple mutant. (B) Root hair
formation at the root – hypocotyl junction region in the wild type
(Columbia), try-82 cpc-1 double mutant, and etc1-1 try-82 cpc-1 triple
mutant.
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mutant with respect to trichome production and pattern (Fig.
4 and Table 1). However, this double mutant has a signif-
icant reduction in root hair production as compared to the
cpc-1 (Fig. 5A and Table 2). This shows that ETC1 and
CPC possess some degree of functional redundancy in root
epidermal patterning.
The etc1-1 try-82 cpc-1 triple mutant possesses an
unusually large number of trichomes on its leaves (Fig. 4
and Table 1). In contrast to the try cpc double mutant, which
produces many clusters of trichomes (Schellmann et al.,
2002) (Fig. 4 and Table 1), most leaves of the triple mutant
develop a vast area surrounding the midvein that is covered
with trichomes (Fig. 4). On most leaves, trichomes were
found to arise in one or two huge clusters with no inter-
vening non-trichome cells (Table 1). In the root, the etc1-1
try-82 cpc-1 is similar to the try-82 cpc-1 double mutant in
lacking root hairs throughout the major portion of the root
(Fig. 5A and Table 2). However, the triple mutant is unusual
in lacking root hairs in the root–hypocotyl junction region,
which normally possesses abundant root hairs in the wild
type and all other genetic combinations including the try-82
cpc-1 (Fig. 5B). Taken together, these results show that etc1
enhances the effect of try and cpc on trichome and root hair
formation, which suggests that these three genes act redun-Fig. 4. The etc1-1 mutation affects trichome formation. Trichome formation is sh
etc1-1 try-JC double mutant, etc1-1 cpc-1 double mutant, try-82 cpc-1 double mdantly to inhibit the trichome and the non-hair cell fate in
the shoot and root epidermis, respectively.
We also observed novel phenotypes in the etc1-1 try-82
cpc-1 triple mutant. Abundant trichomes are produced on
the hypocotyl epidermis, whereas the try cpc rarely produ-
ces hypocotyl trichomes (average less than one trichome perown on single leaves from the wild type (Columbia), etc1-1, try-JC, cpc-1,
utant, and etc1-1 try-82 cpc-1 triple mutant.
Fig. 6. The etc1-1 try-82 cpc-1 triple mutant produces abundant trichomes in the hypocotyl epidermis. Trichome formation is shown on the hypocotyls of
6-day-old seedlings of the etc1-1 try-82 cpc-1 triple mutant and the try-82 cpc-1 double mutant.
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(Fig. 6). The hypocotyl trichomes in etc1-1 try-82 cpc-1 are
mostly two- or three-branched trichomes, they are more
frequent in the upper portion of the hypocotyl, and they do
not arise in a position-dependent pattern (data not shown).
We also noted significant trichome formation on the coty-
ledon petioles, but not on the cotyledon proper, in the etc1-1
try-82 cpc-1 triple mutant, which is not found in the other
genotypes. These findings show that ETC1, TRY, and CPC
act redundantly to repress trichome formation in some
organs that normally do not form trichomes.
Expression of an ETC1DGUS reporter fusion
The TRY and CPC genes are preferentially expressed in
the developing trichome cells of the shoot and the develop-
ing non-hair cells of the root (Schellmann et al., 2002; Wada
et al., 2002). To determine whether ETC1 might beFig. 7. The ETC1 promoter is active in developing trichomes and non-root-
hair cells. Plant tissue bearing the indicated transgene was incubated with
the X-gluc substrate. (A) Developing leaves of ETC1DGUS plants.
(B) Mature embryos of ETC1DGUS line. (C) Root tip from a 4-day-old
ETC1DGUS seedling. (D) Hypocotyls from 2-day-old seedlings of
ETC1DGUS, CPCDGUS, and TRYDGUS plants.expressed in a similar way, we generated and analyzed a
ETC1 promoter–GUS reporter fusion line.
In the shoot, the ETC1DGUS transgene causes GUS
accumulation in trichome precursors and developing tri-
chome cells (Fig. 7A), which is similar to the previously
reported TRY and CPC gene expression (Schellmann et al.,
2002; Wada et al., 2002) and consistent with ETC1’s
possible role in lateral inhibition during trichome formation.
ETC1DGUS expression is also evident in the N cell files of
the developing hypocotyl (Fig. 7D; data not shown). To
determine whether TRY and CPC are also expressed in the
hypocotyl, we assessed GUS accumulation in the
TRYDGUS and CPCDGUS lines (Fig. 7). No significant
GUS expression was detected in the TRYDGUS line, but the
CPCDGUS did display hypocotyl epidermis expression in
the same N cell file pattern as the ETC1DGUS (Fig. 7D).
In the root, the ETC1DGUS transgene generates a
significant level of GUS activity in the N cell files of the
developing root epidermis (Fig. 7C). This is similar to the
known CPC pattern (Wada et al., 2002), and likely the same
as the TRY pattern (Schellmann et al., 2002), which suggests
that all three of these are expressed in a similar pattern. We
also examined embryonic ETC1DGUS expression and
detected GUS accumulation in the N cell files of the mature
embryonic root/hypocotyl (Fig. 7B). Together, this reporter
analysis indicates that the expression pattern of the ETC1
gene essentially overlaps that of the CPC and TRY genes.Discussion
In this study, we used an activation tagging strategy to
identify a new gene, ETC1, involved in trichome and root
hair patterning in Arabidopsis. Our analyses show that
ETC1 acts in a largely redundant manner with TRY and
CPC to specify the non-trichome fate in the shoot epidermis
and the hair cell fate in the root epidermis. Although
homozygous etc1 mutations have a relatively small effect
on epidermal patterning in the wild-type background, they
significantly enhance the cpc or cpc try mutant phenotypes.
Thus, ETC1, TRY, and CPC are important for the appropri-
ate specification of both shoot and root epidermal cell types.
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participate in a lateral inhibition mechanism to pattern the
shoot and root epidermal cell types (Schellmann et al., 2002;
Wada et al., 2002). In a model emanating from these and
other studies (Larkin et al., 2003), CPC and TRY are
proposed to be produced in cells adopting the primary cell
fates (trichomes and non-root-hair cells), and they move
(presumably through plasmodesmata) to adjacent cells
where they disrupt the formation or stability of a transcrip-
tion factor complex that directs the primary cell fates, and
thereby cause these cells to adopt the alternative cell fates
(non-trichomes and root hair cells). Considering the simi-
larity in sequence, expression pattern, and phenotypic
effects that we have shown between the ETC1 gene and
the CPC and TRY genes, it is likely that the ETC1 partic-
ipates in this same lateral inhibition process as the TRY and
CPC proteins.
Although the general effect of ETC1 on cell fate is
similar to TRYand CPC, ETC1 may function in a somewhat
different manner than TRYand CPC. This view is supported
by the different trichome patterns in the try cpc vs. etc1 try
cpc lines. The try cpc leaves have many small trichome
clusters (mean size of 13 trichomes per cluster), which
suggests that long-range lateral inhibition is operating, but
short-range inhibition is abolished. Because the etc1 try cpc
leaves possess extremely large clusters (mean size of 226
trichomes per cluster) with almost no intervening non-
trichome cells, it follows that ETC1 may be particularly
important for long-range lateral inhibition. In this view, it is
interesting to note that the ETC1 protein is smaller (84
amino acids) than the CPC or TRY proteins (94 or 105
amino acids, respectively), and this may enable it to play a
greater role in long-range inhibition.
A major finding from this study is that ETC1, TRY, and
CPC act redundantly to repress trichomes or non-root-hair
cells in organs that normally do not form trichomes or non-
root-hair cells. For example, we observed abundant tri-
chome formation on the hypocotyls and the cotyledon
petioles of the etc1-1 try-82 cpc-1 triple mutant, whereas
the wild type and other mutant combinations essentially lack
trichomes on these surfaces. Furthermore, we observed non-
root-hair cell specification in the root–hypocotyl junction
region in the etc1-1 try-82 cpc-1 triple mutant, whereas root
hair cells are exclusively found in this region in the wild
type. These findings demonstrate that the ETC1, TRY, and
CPC genes do not only act to generate an appropriate
pattern of distinct epidermal cell types within certain organs
(e.g. the leaf or root), but they also act to entirely repress a
particular epidermal cell type in other organs (e.g. the
hypocotyl).
Previous studies have shown that the position-dependent
patterning of the stomatal and non-stomatal epidermal cell
types in the hypocotyl is controlled by the same genes that
regulate root epidermis cell patterning, such as WER, TTG,
GL2, and presumably CPC and TRY (Berger et al., 1998;
Hung et al., 1998; Larkin et al., 2003; Lee and Schiefelbein,1999). This notion is supported in the present study, where
we have identified N cell-specific expression of the
CPCDGUS and ETC1DGUS reporter fusions in the devel-
oping hypocotyl epidermis (Fig. 7D). Interestingly, the
formation of abundant hypocotyl trichomes in the etc1-1
try-82 cpc-1 triple mutant suggests that these genes also act
to repress trichome formation in the hypocotyl. Thus, it
seems likely that the ETC1, TRY, and CPC genes may have
a dual role in hypocotyl cell specification: they promote
stomatal complex formation in a position-dependent manner
and they repress trichome cell specification throughout the
hypocotyl epidermis.
The lack of root hair cells in the root–hypocotyl junction
region of the etc1-1 try-82 cpc-1 triple mutant alters our
view of cell specification in this region. Rather than con-
sidering the epidermal cells in this region to adopt the hair
cell fate by ‘‘default’’ (as suggested in a previous study (Lin
and Schiefelbein, 2001)), the present work suggests that
cells in this region are actively inhibited from adopting the
non-hair fate by ETC1, TRY, and CPC. Further, it is likely
that these genes begin to act during embryogenesis because
we have shown ETC1DGUS expression in the mature
embryo (Fig. 7B) and many of the other genes’ expression
patterns and activities are known to be established during
that period (Costa and Dolan, 2003; Lin and Schiefelbein,
2001). In addition, it may be that ETC1 is involved in seed
coat development because we have detected ETC1DGUS
expression there (unpublished results).
The present work shows that the ETC1, TRY, and CPC
MYB genes act in a largely redundant fashion to influence
epidermal cell specification in the root and shoot. Because
ectopic trichome formation can be experimentally induced
in more organs than those affected in the triple mutant
(Larkin et al., 2003), it is likely that there are other genes
participating in trichome repression (and perhaps non-root-
hair cell repression). In this view, it is notable that there are
two other Arabidopsis genes, At2g30420 and At4g01060,
similar to ETC1, TRY, and CPC. In preliminary studies, we
have found that each of these may also participate in shoot
and/or root epidermal patterning (unpublished results).
Thus, an unexpectedly large collection of small MYB
proteins may play a role in the specification of epidermal
cell fate in the Arabidopsis leaf and root. This may reflect a
need for high fidelity patterning of these and other cell types
by this related group of regulators. On the other hand, these
regulators may also participate in an as yet unknown process
that is essential for plant viability and thereby necessitates a
high degree of functional redundancy.Acknowledgments
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